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of their more convenient shape they soon displaced the former 
tables, and maintained the preference up to the most recent time. | 
The first table of the third kind is the large one by Taylor pu- 
blished in London in 1792. Bagay’s tables!) founded upon it 
and published at Paris in 1829, appeared in a much smaller form 
in consequence of the smallness of the figures. To the tables of 
the first and second class belong also the logarithmic tables to 
seven figures calculated for the centesimal division of the quadrant, 
as that by Hobert and Ideler?) proceeding from 100“ to 100% of a 
grade (centesimal degree), and that published by Delambre®) in 
the year IX of the republic, in which the interval is ten times 
as small, viz. 10 centesimal seconds. 

For tables to five figures the interval of one minute may be 
considered the proper one, because the differences will not be 
too large to admit of the proportional part for seconds being men- 
tally calculated with readiness. In tables to seven figures this 
interval has always been recognized as highly inconvenient, on 
which account Gardiner directed his attention to the diminution 
of the interval. It is even necessary to diminish the interval to 
one second, if it be made a condition that the proportional part in 
this case too is to be mentally calculated. This very small interval, 
however, gives rise to several new inconveniences, which diminish 
the advantage of smaller differences to such a degree, that tables 
of this kind have never come much into use, at least with pro- 
fessional computers. Their large form, the excessive number of 
columns on every page, and the circumstance that even then 
there is not nearly room enough for all the figures, (the initial 
figures of the logarithms having to be placed at the top of the 
columns and the differences altogether omitted, so that they must 
be calculated by the computer,) make the advantage of the smaller 
interval very questionable. 

The editions of Vega’s Logarithmic Tables hitherto published 
hed, in the trigonometrical part, the interval of 1 minute. In the 
present revised edition care has been taken not only to adopt the 
interval of 10 seconds for the whole quadrant in order to assign 
a higher rank to the tables, but also to secure all those ad- 


1) Nouvelles Tables astronomiques et hydrographiques. Paris, 1829. 
2) Neue trigonometrische Tafeln. Berlin, 1799. 
8) Tables trigonométriques décimales, calculées par Ch. Borda. 
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type is easily injured in the finer strokes so that 1 and 4; 0, 6 
and 9; 3, 5 and 8 become almost undistinguishable. Besides it 
often happens, that a figure thus strongly shaded, which dazzles 
the eye by its very blackness, docs not leave sufficient blank space, 
the figures being both too close to each other and to the rules 
which mark the intervals. All these circumstances render the nse 
of the tables more difficult and more fatiguing to the eye. Hence 
a type has been chosen which, being extremely slightly shaded, | 
approaches the older form, projects partly above and below the 
parallel lines which inclose the main body and does not cover the 
white ground too much, while it is of a size which is neither too 
mall to be easily recognized by moderately strong eyes, nor too 
large to get the requisite quantity into a moderate compass. The 
founding of this type is so characteristic that even after slight 
injuries which are inevitable after long use, there will be little 
fear of mistakes. Special attention has been paid to the proper 
distribution of tho space which the figures and rules occupy; and 
the size of the page was not fixed upon till after repeated trials, 
and after all circumstances had been taken into account for faci- 
litating the use of the tables. 

3. In the trigonometrical part there is frequently a columa 
next to that of the degrees, minutes and seconds, expressing the 
same arc in time; there are also in the first part one or two co- 
lumns more which give the number, or the number increased ten- 
fold, considered as a number of seconds expressed in degrees, 
minutes and seconds. This and similar other arrangements have 
here been omitted, as double and treble arguments, which are 
not out of place in nautical tables, but tend to obstruct the simple 
use of a table to seven figures without affording any equivalent 
advantage. On the other hand, in the first part at the foot of 
the page the twofold reduction of the argument into arc has been 
indicated, together with the logarithms of "=* and “27 from 


x 
10 to 10 seconds, from 0 to 2° 46’ 40”. The latter are required 
for passing trom logarc to logsin and logtan, and are of par- 
ticular value in geodetic calculations, where long operations have 
sometimes to be performed with small arcs which are usually ex- 
pressed in seconds, while four or five decimal places of the second 
have to be retained. 

To facilitate the interpolation, small tables of proportional parts 
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Viack'), since many comparisons of erroneous places have shown 
no difference between them. Now the uncertainty of the last figure 
amounts to 4 units, hence it became necessary to recalculate all 
the logarithms which in the Thesaurus end in 496, 497, 498, 499, 
500, 501, 502, 503 and 604, since a correction amounting to more 
than 4 units might alter the last figure in logarithms to seven 
places?). These calculations have been made by means of Briggs’s 
table to 14 places*), the results of which were checked by the 
formation of differences, and it has been found, that in modern 
tables, including the former editions of these tables, many loga- 
rithms have been set down wrong in consequence of too much 
confidence being placed in the Thes. log. For the comparison of 
the sines and tangents for every second the Thes. log. gave the 
logarithms to ten figures only up to 2 degrees, hence other means 
had to be adopted for the interval from 2 to 5 degrees. Interpo- 
lation from the Trig. Britt. which first suggested itself to us was 
found upon repeated trials to be too laborious, as it required six 
series of differences to be taken into account. Interpolation between 
the logarithms to ten figures, given for every ten seconds, did 
appear less open to objection, since the uncertainty of the last 
figure would be increased in the interpolated numbers. Hence 
direct computation was preferred, the more so, as with proper 
arrangement it led most rapidly and safely to the desired result. 
First of all for every 400 seconds in the interval from 0 to 5 


sin x 


degrees the logarithms of “=~ and — were calculated; the se- 






























ries giving these functions arranged according to powers of x con- 
verge very rapidly, so that the first four terms suffice to give the 
logarithm accurate to 14 places, and for the interpolation four series 
of differences suffice. These logarithms havinig been tested by diffe- 
rences and reduced to the interval of 100 seconds by interpolation, 
the first ten places were further interpolated to an interval of one 
second; the logarithms of the numbers being added, all the sines 
and tangents to ten figures were obtained. Amongst these loga- 












1) Trigonometria artificialis. Goudse 1633. 
2) Other errors, too, occur which cannot be considered as errors of the 
press, Thus the last three figures 617 of logtan 0° 2’ 7” are given too great 
by 90 and the Sine and Cotangent present the same error. 
8) Trigonometria britannica, edited by Gellibrand. Goudae 1638. 
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been corrected, (most of them being reprinted unaltered), the edi- 
tors of tables have taken its correctness for granted, either to 
avoid the trouble of a strict examination, or confiding in the accu- jf 
racy implied by the offer of a ducat for the detection of every | 
error, no similar reward having ever been previously offered. 
This affords the only explanation of the fact, that in more recent 
tables several logarithms have been brought back to the erroneous 
values which follow from Vlack’s table, though they are correctly 
given by Gardiner. Thus 1) the logsin 2° 29’ 50", whose accu- 
rate value is 8.63919705001389 has with Gardiner 1 in the 
| seventh place which is correct; but since Viack and Vega give 
| the log to ten figures 6391970 499, we find in the recent tables 
and also in Taylor 0 in the seventh place. 2) logtan 5° 7’ 40" is | 
8.9529682 4994086; Vlack and Vega give 9529682501; Gardiner 
gives 2 in the seventh decimal place; the more recent tables, inclu- 
ding Taylor's give 3. 3) logtan 7° 23’ 50” is 9.1133684 5003401; 
and therefore 6 is the correct figure in the seventh place; but Vlack 
and Vega have 1133684 499, whence the recent tables including 
Taylor's give 4. 4) logtan 7°59’ 0” is 9.1468849 4989462, there- 
fore 9 is the correct seventh figure; but Vega and Vlack have 
1468849 501, and the modern tables have consequently 50 as the 
last two figures. 5) logsin 20° 9’ 0” is 9.5371628 5003911, but in 
Viack and Vega 5371628499; Gardiner gives 9, the modern 
tables 8 in the 7 place. 
The second edition of Gardiner published in the year 1770 
| at Avignon contains besides all the logarithms of the first edition, 
| which were adopted without alteration'), the logarithms of the 
sines for every second from 72’ to 4°, and log tan for every second 
from 0 to 4°. The logarithms thus added have not the same 
degree of accuracy as those transferred from the older table, 
though their correctness is still such as might well have served 
) as a pattern for later tables. For a comparison shewed that out 
of 22032 logarithms only 22 were wrong by an unit. Both these 
editions are in large 4°, which renders them cumbrous. For this 
reason and in consequence of Gardinere’s tables becoming scarce, | 
Callet edited a new logarithmic-trigonometrical table, which was 
printed by Firmin Didot, and was the first, in which the printing 


1) A few false prints, discovered during the 28 years that the tables had been 
‘were corrected, but many new errors were introduced. 
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from plates was successfully carried out. Besides a long intro- |f 
duction on the calculation and application of logarithms, tables of jf 
the natural sines and cosines, tangents and cotangents, and natu- 
ral and common logarithms of numbers to 20 and 60 figures, this 
edition contained all the logarithms of the Avignon edition, with 

j this addition that the log sin and log tan for every second which 
the latter contained up to 4° were carried one degree farther. 
But in this enlargement, the degree of accuracy introduced by 
Gardiner is utterly neglected. A comparison with this part of 
the tables which contains 6480 logarithms not occurring in Gar- 

J diner gave 1368 logarithms inaccurate by an unit in the last 
place. Finally the last figure of each of the 36000 logarithms 
of the second part was compared with Taylor’s table, which is | 
generally considered as a pattern of accuracy in the last figure, | 
and every deviation thus found was subjected to a separate in- 
vestigation. This examination gave 35 cases, in which the last | 
figure in Taylor is wrong by an unit; of these 19 coincide with the } 
erroneous statement in the Avignon edition. 

A comparison of the logarithms of the first part with Bab- 
bage’s most carefully edited table, in which elementary principles 
regarding the construction of tables were first established, fur- 
nished one case, that of log52943 which, as in Gardiner, was 
given too great by an unit. The same error occurs also in the 

| tables of Callet, Taylor, Delambre and others, evidently because 
all have copied Gardiner without farther examination. ! 

‘The first two proofs of this table were corrected by MM. Lau- 
tensach, and Goldammer, and a third revision was instituted by 
myself, and checked by differences. After they were stereotyped 
the proofs from the plates were revised partly by Mr. Volkmann, 
and partly by Mr. Koch. 

Berlin, August 1856, 





INTRODUCTION. 


The common Logarithms (Brigge’s) are the only ones used 
to facilitate extensive numerical calculations. In this system, the 
logarithm of a number is the index of that power of 10 which 
is equal to the number. If for example a and b are the loga- 
rithms of the numbers A and B, we have 

*10=A and 10° =B 
or 


log A = and log B= b 
f| and by the theory of powers and logarithms it follows, that 


Amar 
10+*= AB, 10->= = 10¢= A, 10° = VA, 


or 
log AB=2-+b, log # = ab, logAt =ca, log VA 


from which we see that the logarithm of a product is the. sum 

of the logarithms of the factors, the logarithm of quotient the 

difference between the logarithms of the dividend and divisor, and 

that the logarithm of a power or root is found by multiplying 
| or dividing the logarithm of the radix by the exponent. 

The application of these four formule, to which all calculations 
with logarithms are limited, rests upon the condition that, given 
& number we can find with facility its logarithm, and conversely, 
given logarithm we can readily find the corresponding number. 

| It is the object of logarithmic tables to solve these two problems. 

From the above definition of logarithms which is perfectly 

| sufficient for practical purposes, it follows further that 
log 1 =0, log 10=1, log 100 = 2, log 1000 =3, etc. 
log 0.1 = —1, log 0.01 = —2, log 0.001 = — 3, eto. 
and these are the only numbers, whose logarithms are integers. 
| The logarithm of any other number consists of an integer (termed 
the index or characteristic) followed by a decimal fraction 








fully written out, since it goes on ad infinitum. Fortunately it is 
only in rare cases, that more than seven decimal places of this 
fraction are required: in general indeed four or five suffice, and it 
is only for the most accurate computations that six or seven are 
used. 


TABLE L 


To find the logarithm of a given number, or the number | 


corresponding to a given logarithm, a table is used which contains 
I the logarithms of all whole numbers from 10000 to 100000. 
Buch a table is that extending from p. 6 to p. 185. Itis, indeed, 


preceded by a few pages containing the logarithms of 1 to 1000; | 


} but this is done more for the sake of convenience than because it 
| is necessary, since all the same logarithms also occur in the reat 


Given a number, to find its logarithm. 
If the given number consists of five figures, the first four | 


} are to be sought in the first column headed N (number), and 
the last in the horizontal line at the top. Then the last four 
figures of the logarithm will be found where the horizontal line, 

| corresponding to the first four figures of the number meets the ver- 
tical line corresponding to the fifth figure. The first three figures of 
the logarithm stand in the column headed 0, and are common to 
all the figures in the same horizontal line. Where these are not 
given on the horizontal line, the immediately preceding three figures 
have to be taken, except when the first of the last four figures 
is marked with a line above it, in which case the first threo 

| figures of the logarithm are those which occupy that position in 

f the next horizontal line. 

Example 1. Required the logarithm of 24818. 
At p. 85 looking down the first vertical column we stop at 
2481, and then follow the horizontal line to the right as far as 
| the column headed 8. Here we find the number 7668. These 
figures are annexed to the number 394, which remain the same 
| for several lines, and are placed three lines higher up in the co- 
lumn headed 0; so that we get 394 7668. The index which is 
not set down in the table is 4 throughout, hence log 24818 

== 43947668. 


! 





Example 2. Required the logarithm of 24833. 

Here the last four figures are 0292, the first of which is marked 
with s line (3), hence they are to be combined with 395; | 
therefore the logarithm of 24833 is 4.3950292. 

‘When the given number besides an integer part of five figures | 
contains a decimal fraction, the difference of the logarithms | 
of the two whole numbers of five figures between which the given 
number lies has to be multiplied with the decimal fraction, and the 
product to be added to the logarithm of the whole number. Thus 
let the number be 24833.73; this being contained between 24833 
and 24834 whose logarithms differ by 0467 —0292 = 175, we 
multiply 175 by 0.73 which gives 128. Adding this to log 24838, 
which was 4.3950292, we get 4.3950420 for the log of 24833.73, 
To facilitate this multiplication every page contains small additio- 
nal tables in a column headed P. P. (proportional parts) which 
for each of the differences occurring on that page give the several | 
tenths, whence the hundredths, thousandths, etc. are easily deduced. 

| In the last example we make use of the table headed 175, | 
from which we get f 
for 0.7... . . 1225 
for 0.03... . . 525 
together 127.75 f 
of which the decimal fraction is rejected, but the last figure is | 
increased by an unit, since the omitted fraction amounts to more 
| than 0.5. 

By means of the logarithms of the numbers, having an in- 
teger part of five figures, it is easy to find those of all other 
numbers written with the same significant figures; for their lo- 
garithms will only differ in the index. Thus if the logarithm of j 
24.83373 is required, we first find the log of 24833.73 and sub- 
tract from it log 1000. Since the latter = 3, we get log 24.83373 
= 1.3950420. In the same way log 248337300 = log 24833.73 

] + log 10000 = log 24833.73 + 4 = 8.3950420. If the given 
number is 8 proper fraction, as for instance 0.06108, we find at 
p. 108 log 61030 = 4.7855434, and since 0.06103 = eee 500 

|) therefore log 0.06103 = log 61030 — 6 = 4.7855434——6, which 

) would be negative, vis. — 1.2144566; but it is more convenient 
for calculation to write 8.7855434 — 10, so that the fraction in 
the logarithm may be positive. The general rulo then, is: form 
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| which we require only the table of logarithms of the numbers of 

| the seconds in the arc. In regard to the construction of this table, 
it is to be observed, that tho value of S = 4.6855749 holds up 
to 1/39” and logsin 6,681. From 1’ 40” or logsin = 6.682 ... 
the succeding value of S = 4.6855748 is to be used. All other 
values of § answer accurately to the arcs and logsin on the same 
line with them, so that in passing from the are or logsin to 
tho number S that value of S has to be taken, which lies nearest 
to the given are or logsin. ‘The same rule holds for T. Hence, 
except for a few values of S and T towards the end of the table 
which increase by 10 units at a time, all interpolation is avoided, 
as with a glance at the table we can at once take out the re- 
quired § or T. 


TABLE III. 

This table contains for every ten seconds of the quadrant 
the logarithms of the sines, cosines, tangents, and contangents. 
From 0 to 45° the degrees are placed at the top of the page; 
the minutes and seconds, denoted with ‘ and” on the left hand 
margin, which is to be combined with the heading at the top of 
the page. From 45° to 90° the degrees are put at the bottom 
of the page, the minutes and seconds at the right hand margin, 
and the name of the trigonometrical function at the foot of the co- 
lumn. Arguments that are opposite one another are complemen- 
tary (i. e. make together 90°) and the sines and tangents (i. 
their logarithms) of an arc above 45° are also placed opposite to 
the sines and tangents of its complement, because the former are 
respectively the cosines and cotangents of the latter, and vice 
versa. For the sake of symmetry the sine is placed next to the 
argument, next to it the tangent, which is followed by the cotan- 
gent, and this by the cosine; and since for complementary angles 
the same logarithms hold, but in an inverse order, there is again 
next to the argument the sine, followed in order by the tangent, 
cotangent, and cosine, as may be seen by the names at the top 
and bottom of the columns, The differences of any two consecu- 
tive logarithms are placed for the sine and cosine immediately to 
the right on the intermediate line, and aro headed d (differentia); 
for the tangents and cotangents they are also placed between 
these columns on the intermediate line and are headed d. c. (dif- 
ferentia communis) since these differences hold for both. The sines 
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9.480 0380 9.578 8985 | 762 Jengax 045 | 9.981 1395 
9.460 1079 9-478 9748 |o.s24 0252 | 9.981 1331 
9-460 1778 19-479 0510 | 16. [0.520 9990 | 9.98 1268 
973602476 94479 1272 | 763 |o.520 8728 | 9.981 1205 
94603175 9-479 2034 | 7¢5 | 0.520 7966 | 9.981 1147 
9-460 3873 9-479 2798 0.520 7204 | 9.981 1077 
9.460.4573 9.479 3558 | 7g; | 0.520 6442 | 9.981 1014 
9-460 5270 9-479 4319 9.520 5681 | 9.981 0950 
9465 5968 9.479 $08 | "¢, [2-520 4919 | 9.981 0887 
9.460 6666 9.479 842] 7g, 0-520 4158 | 9.98 oB23 | ¢ 
9.460 7364 1479 6603 0.520 3396 | 9.981 0760| 3 
9.460 806% 479736 0.§20 2035 | 9.981 0896 
9.460 8759 | | Fer | 0-520 1874 | 9.981 0633 
9-460 9456 | 9-479 3887 6.526 1113 | 9.981 0569 
9-481 0154 9-479 9648 10,$20 0352 | 9.98 0505 
9-461 0851 9-480 a409 0.519 9598 | 9.y8r 442 
9.461 1558 9.480 1179 | 76 | 0.519 8330 | 9.981 0378 
9401 2395 9.480 1930 9.981 0315, 
9464 2943 9.480 2692 g.g8toast 
9461 3638 | 9.480 345 . 9.981 o187 
9.461 4335 9-480 4211 9.981 0135 
9.461 5031 9480 4971 9.981 cob 
gy 5728 9-480 5731 0.519 4269 | 9.9809996 
9.461 424 9.480 6491 2.519 3509 | 9.980993 
ga6t 7420 9.480 7251 | 765 | 0.519 2749 | 9.0809969 
‘9.461 7816 g4sotorr x 9.980985 























































































































































































































Bo 


o 886885 088 


9.614 9441 


9-655 3477 


0.344.6523 





96149907 
9.615 0979 
9.615 085 
9.615 1303 
9-615 1769 
$15 3234 
615 36 
Sor ret 
9.615 3629 
9.615 4094 
9615 4559, 
9.615 so2g 


9655 4038 
9.655 4599 
9.655 sx 
9.655 5730 
9.655 038 
9-655 68st 
9.655 7402 


9.635 7962 | 5 


9.655 8523, 
9.655 9083 


94655 9643 | 3 


9.656 0204 | 


3344 5968 
0.344 $40 
2.349 4! 
0.344 4280 
344 3779 
2344 3459 | 
344 3598 
344 2038 


3440917 


9.959 5395 
9-959 $297 i 
9.959 5203 | 3 
9.959 5107 | 33 
9-959 Sous | 95 


03584 0357 | 99594926 | 


23343 9796 





‘9.615 5489 
36r5 954 


5 
9.615 8741 
9.615 9206 

615 9670 
a 


9.056 0764 
9.656 1324 
5.656 1885 
9.056 2444 
9-656 3024 
9.656 3503 
9.056 4124 
9.056 4685 
9-056 5244 
9.656 584 
9.656 6363 


26343 336 
9534 
e386 
0.343 7556 
343 6996 
343 0436 
343 5876 
0.343 5316 
0.343 4756 
0.543 4196 
0.343 3637 


"99394820 7p 


9-959 4725 | 95 
9.959 463 | 9 
9.959 4535 | 38 
9-959 4439 9 
9.959 4344 38 


9.959 4248 | 9, 
9-959 4153 | 96 
9-959 4957 
9.939 3963 
9-959 3866 
9.959 377 





9.616 0599 


9.656 6933, 


6.343 3077 


9-959 3675 





9.616 1527 | 4 


9.616 1998 


616 
$1616 3539 


9.016 3382 


9.636 57 


9.616 6163 | § 


9656 7483 
9.656 8043, 
9.656 8602 
9.656 q16r 
9.656 972% 


19.057 0280 


19.657 0845 
9-657 1399 
9.657 1958 
9.657 3517 


9.657 3636 


0.543 251 
0.343 195 
0.343 1398 
9343 0839 
0343 0279 
0.342 9720 
342 9160 
2343 S60 
0.342 Bog2 


69 | 0.342 7483 


23426933 | 
13.342 6364 | 


9.959 3580 
9.959 3484 
9.959 3389 
9-959 339 
9.959 31 
9.959 3102 
9.959 3007 
Sago alis 
9.959 2720 

9 4024 z 
9.959 2528 





9.616 6628 
9.616 7091 
9.616 7554 
9.616 8017 
9.616 8484 


9.657 4195 
9.057 4759 
9-657 5333 
9.657 5872 


332 stos 
0.342 5341 
ois ity 
392.4131 

9.342 3569) 


9.959 2433 
9.959 2337 
9.959 224% 
9.959 2146 
9.959 2050 





9.616 Boag | 


0.342 jorn 


9-959 1954 





9-616 9407 
616 9870 
5617 0333 
6x 

Sir) cag 


334 5552 
0.342 1893 
0.342 133 
0,342 0771 
0.343.037 


9.959 1859 
9.959 1763 
9.959 1667 
9959 357% 
9.959 1475 





9.017 1738 


"9.658 034 


91341 9659 


9-959 1380 | 





617 3384 
94617 264) 
9.617 3109 
9-617 3572 
9-617 403 


9.658 o9c0 
9.658 1458 
9.688 3017 
9.658 2575 
9-638 3134 


125341 9100, 
e341 $542 
0-348 7983 
0.341 743 

o3qt ae 


9.959 13 
3959 a9 
9.939 1092 
9-959) 
9.959 0900 





9.617 4496 


9.658 3692 


2.341 6308 


9-959 0805 | 





9-617 4959 
9.617 5424 
96173 


83 
6% 
5619 6808 





9-058 4250 
9.658 4808 
9.658 5366 
9.658 5924 
9.658 6483 


0.384 5750 


9.959 





0.341 $193 
6.342 4639 
0341 4078 
0.341 3517 


9.959 0613, 
9-959 9537 
9.059 oat 
9.959 0335 





96197390 








9.658 704r 


'0.341.2959 





9.959 0229 
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APPENDIX. 


1. TABLE FOR THE CONVERSION OF SIDEREAL TIME 
INTO MEAN TIME. 


2. TABLE FOR THE CONVERSION OF MEAN TIME 
INTO SIDEREAL TIME. 


3. TABLES OF REFRACTION. 
4. CONSTANTS. 











TABLES OF REFRACTION 


‘BASED UPOX THOME 
or BESSEL. 
THERMOMETER: REAUMUR. 
BAROMETER: PARIS INCHES AND LINES. 





‘THERMOMETER Cornzerioy 


vane, | Baxomxsrex. 


t External 

¥ Attached 
‘Thermometer ac 
cording to Réaa- 


of the same sign 
with t 


Note: In the se- 
cond and third co- 
lumn .3 and.8 stand } 


! 
for .a5 and .75 resp. | 


Fon Coxverston 








For Convanstox 


ENGL. Non. | PAR. LIXES. 








ho ot un nu oP 





88 


























TABLE IIL Coragcrion yor HEIGHT OF BAROMETER. 


Meam nernscrion + Coss. Tas. IL 








tS RSEES SSE 






































) Before using the table, a correction is required for the height of the barometer. 
‘This correction depends upon the attached thermometer, and is taken with 
the argument t—t' from the small table at p. 564. 

















Printed by W. Pormettor in Berlia, 











